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ABSTRACT?’ Production testing was carried out on Nonaging O8Yu steel sheets at the ae 
Cherepovetsky Hetall cal Plant and the results were compared to the norms set by ‘ 
GOST bons=88. Qveitiog was carried out in aingle-grooved Martens furnaces of average 
capacity; deoxidation\By ferromanganese was done in steps--50% in the furnace and 50% 4 
in the ladle; Al was also introduced in the ladle ‘in quantities of 4 0-150 g/T of 

steel while full deoxidation was accomplished by the addition of Al’pellets in quanti- 

ties of 900-1000 g/T. The chemical composition of 08Yu steel compared favorably with j|— 
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135-140 me thickness and 1070-1430 sx. width on @ 1150 bloom. These slabs were next 
cold rolied to feces of 680% reduction into sheeta of 2.5-3.5 mm thickness and Lowot 
‘=1430 wm width. ealing was done at 550°C for 10 hrs at a heating rate of 15°/hr 
and cooling was at 6°/hr. The final operation was a finishing pass at 1.0-1.36 reduc-! 
tion. Tests made on the sheets after aging at 200°C for 30 min substantiated that 

tha steel was nonaging. The shoets performed well in stamping tests {ch were run wm- 
der the stamping conditions used at the Gor'ky Automotive Plant. Orig. art. hast L 
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fging of Concrete at the Building Site 
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Title st. - Standard echenes for the general circulation of the atwosphere in 


“the Northern Hemisphere and the index of circulation 
Periodical ¢. Isv. AN SSSR, ser. geofiz., No 6, 195%, pp 562-574 


Abstract 's. The authors describe indices cf cireulation calculated along the 
ae ee parallels of latitude of the Northern Hemisphere at heights cor- 
responding to 500 and 700 mb pressure. They analyze their connec- 
tion with the elementary circulatory mechanisms. They establisn a 
close dependence of the values of the index of circulation upon a 
shift ‘of the elementary circulatory mechanisas. 
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Abatract : The author considers turbulent diffusion to be the result of the action cf 
: currents and jets chaotically distributed in the medium. Tie distinguishes 
Several types of jet currents differing in magnitude and direction ut veloc- 


ity of the current. He assumes that the cooniinate of a alifusing particle 
and the oumber of the jet type in vhick {t {s found form a Markoy random 
process.. In the presence of Jet currents of just two types differing in 
the direction of velocity of the current, the diffusicn is described Ly means 
of the telegraph equation. The author thanks A. M. Obukhov. Ceven refer- 
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AUTHOR: Monin, A+S+ 


SITLE: A -Semi-Empirical Theory of Turbulent Diffusion 
(Poluempiricheskay® teoriya turbulentnoy aiffurit) 


8 Akademii k 

PRRIOSLICAL: ies Geofizicheskoge {natituta, aie he 33 A, 
pp. 3-47 (U3BR) 

ABSTRACT: Tie is an analysis of solutions of & parabolic 
equation for diffusion describing the distribution of 
concentration of diffusing admixtures when several 
admixture sources are peasent. A number of achemes for 
determining the coefficient of turbulent diffusion in the 


molecular diffusion. and discusses. & suitable equation for 
diffusion in the atmosphere, diffusion in a field of 
homogeneous turbulence, diffusion in the case of @ near- 
surface Layer of 4 non-stratified nature, diffusion in & 
therwally non-homogerieous near-surface Layer of air, 

the variations in velocity of the wind with altitude. 
There are ll figures, 1 table, and 13 references, of whieh 
jl] are Russian, 1 English and 1 German. 
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(7) ee PHASE I BOOK EXPLOITATION SOV/163T 
Akademfya nauk SSSR. Institut ficiki atsosfery 


Raboty po dinamicheskoy meteorologif (Works on Dynamic Meteorology) 
Moscow, Igd-va AN SSSR, 1958. 186 p. (Series: Itss Trudy, vyP. 2) 
1,500 copies printed. 


oe Ed.t I.A. Kibel‘, Corresponding Member, USSR Academy of 
efences; Ed. of Publishing House: K.P. durov, 


PURPOSE: The issue of the Inatitutes' ewy(Transactions] is 
(ntended for scientists and research workers engaged in weather 


forecasting and climatology. y 


COVERAGK: This collection of articles represents the results of 
12 atudfes in dynamic meteorology, carried out from 1951 
through 195%. They treat weather forecasting techniques using 
the methods of dynamic meteorology 4&8 well as general 
theoretical questions in the study of climate. All authors, 
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‘ ‘Works om Dynamic Meteorcalogy SOV/1L837 


except N.I. Buleyev and A.D. Christyakov, are associated with 
the Geofizicheskiy institut (Geophysical Institute of the 
Academy of Sciences}. A.D. Christyakov and N.I. Buleyev are = 
associated with the Tsentral ‘nyy inatitut prognozov (Central 
Institute of Porecasts), GUGMS. References accompany each 


article. 
TABLE OF CONTENTS: 
Foreword 3 
Blinova, Ye.N. The Theory of the Annual Rate of Non-zonal 
Cireulation of the Earth's Atmosphere : 5 


Obukhov, A.M., and A.S. Chaplygina. Change in the Baric 
: Pfleld ia the Middle Troposphere 22 


Monin, A.8. Transformations of Energy in the Zonal Circu- 
lation of the Atmosphere 50 
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Blinova, Ye.N. ‘The Effect of Non-linear Terms in the Bquations 
of Thermohydrodynamics When Solving a Problem Dealing With 


the Long-range Forecast of Meteorologic Elements 54 : 
Buleyev, N.I.; and G.I, Marchuk. The Dynamics of the Large~ 

scale Atmospheric Processes 66 
Biinova, Ye.N., and G.I, Marchuk. The Theory of the Annual 

Rate of a Purely Zonal Circulation 105 
Marchuk, G.I. The Annual Rate of the Circulation Index 114 


Marchuk, Q.I. The Large-scale Thermohydrodynamic Processes 
in the Baroclinic Atmosphere 119 


Marchuk, @.I., and N.M. Kireyeva. The Problem o. Bxpansion 


By Small Parameter of the Solutions of Equation Systems 
in: Hydrothermodynamics as Related to Atmospheric Processes 142 
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| KUTHOR: Monin y—de—S2——. 
PITLE: The Structure of Turbulence in the Atmosphere (Struktura 
atmosfernoy turbulentnostt) 


PERIODICAL: Teorfya veroyatnostey i yeye primeneniya, 1956, Yol 3, 
Ne 3, pp 285-317 (USSR) 


ABSTRACT: The theoretical and experimental data are given for the 
atatiatical characteristics of random fields of wind velocity 
and turbulent fluctuations of temperature in the lowest layer 
of the atmosphere. Components of wind velocity u, V, ®, 
along the Descartes coordinates x, y, = and temperature T 
are considereé as the random functions of the coordinates 
x, Y, 2 andtime t . The fluctuations are considered on 
one and two space points so that the values of u, v¥, Ww and 
{ can be considerec as stationary. Therefore, when the mean 
direction of wind is represented by the axis x , the ex- 
pression (1) can be formulated. The relation of the turbulent 
friction t to the turbulent heat flow q can be defined as 
Eq.(2}. The expressions “speed of friction” % (t/oye and 
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The Structure of Turbulence in the Atnosphere 
“temperature flow" a/c. are introduced in order to define 


the distance L (£q.3, where x anda are constants}, The 
mean values of the wind velocity and temperature are expressed 
ag Eq.(4) where t, ~ “degree of roughness"of the ground sur- 


face. Two conditions of the stratification are expressed by: 
qa<0, L>0, T>0 - stable, q>0, L<0, T<O - unstable, 


xs 
The univewsal function f(€) is related to the Richardson No. 
ag shown in Eq.(5) and its properties are shown in Fig.l. The 
turbulence coefficient (7) can be found from the formula (6) 
by substitution of the formulae (2-5). The probability dis- 
tribution of the values of fluctuation: 


t v ‘ gre 
ui,¥ ;w and Bs at a@ point in the space 
¥, Vac Vx i “ye! 
depends only on the vertical coordinate at the point ae 7 
ft § 
Ags the distributions of = and 2. are symmetrical, their 
% * 
standard deviations Su ; oy » can b2 defined, The 
Ve Vue 
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The Structure of Turbulence in the Atmosphere 
relations of z to RL are shown in Fig.2, The examples of 


x 
the probability distribution of w in the unstable (a), 
indifferent (b) and stable (6), stratifications are shown in 
Fig.3. As can be seen from the graphs and table on p 29e, 
the asymmetry of distribution of w' incrsasea with an in-~ 
crease of the unstable conditions. The kiaetic energy of 
the turbulence can te calculated from Eqa.(@3). Some of the 
results are shown in Fige.4 and $, The sesond moments of 


u', vi, w' and T' can be taken as in Eq.(2). The correla- 
tion coefficients Bis and Typ can be expressed as the 

’ 9 
function f (or Ri) (Fig.2, d, ¢). The vhird moment can 


be written as Eq.(9) and is related to the z‘ component of 
the turbulent energy flow. The third moment is included in 
the equation of equilibrium of the turbulent energy (10), 
where € - rate of dissipation of turbuler.t energy into heat. 
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From Eqs.(2-4, and 9) the Eq.(1l) car be formed, showing that 
the determination of vertical diffusion of turbulent energy, 
the values ie and l/« f@) should be equal. [n 
order to facilitate the calculat 
Latroduced, Thus, between the two points of flow tae differ- 
ence of wind velocities and temperature car. be shown ag 
Eq.€12) or Eq.(13). The mean Squares of the Eqs.(12) and (13) 
are given in Eq.(14), where Aas, Qu. ~ COmponents. 

i 


The parameters of turbulence in relation to the inert inter- 
val, € and Kk depend on the height s . Thege para- 

ned in Eqs.(16) and (17) (8 -~ the molecular 
temperature conductivity), The prebability distribution for 
the differences in Space can be found by cor.éidering the 


; which represent the 
(eA GARE 


isotropic functions of the argument r/y , The spatial 
differences of wind velccity ara tepresented by the conuponents 
ry and Au, » 80 that Dy ey lo =T, «0 and 
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The Structure of Turbulence in the Atmosphere 
Au, = Au,, du, cAu,, Aus = Au, are the coordinates, The 


mathematical expectation of Au, , Au, 4a, are equal to 9O 
and their 2nd, 3rd and 4th moment can be calculated from 
Bae Cte), (19) and (20) where D, and Din we Dap? 
"fn = yop + nares Pepan ana "itpp *4 Dany = Ppppp * 
= 3Dunpp are not equal to zero (Eqs.21, 22 and 23). Due to 
isotropy, all the odd moments of the bi-dimensional distribut- 
Lon of Au, and AR, are equal to zero and fron among even 
Ones only the type (24) of Moment is not zero, Trerefore, 
Au, and 4 Gre uot independent, i.e, their distribution 


fg normal. The function (18) can be solved ty the epplication 


The 


of the formuta (25) derived from the Eqe.(21) and (22), 
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The Structure of Turbulence in the Atmosphere 
value Der) can be found from Eq.(26) which tecomes 


Eq.(27) in the case of the indifferent stratification, i.e. 
small [Cf . Fig¢.? shows Graphs based on the formula (27) 
for the distances r = 2-60 Cm and height zg « 3/2, 3 and 

LS m. Similarly, the Spatial difference of temperature can 


he determined, The case of the values of A, and AT 


being nat independent can be seen from the formula (28), 
The difference of temperatures. ig calculated from Eq.(31} 
which becomes Eq.(32) for the indifferent stratification 
Cemall (([). The solution of the structural functions 

(the 2nd’ moments cf the differences (13)) can be found from 
Eqa.(33) and (34), However, it ie possible to replace them 
with the correlation functions of the type 


Daw (0) a wi(bwilt + oO) when the relation (45) is con- 


sidered, An exauple of the function Rwi?) is shown in 


Fig.9. The magnitude of the turbulence f# can be calculat- 
ed from the formula [ = zA(C) : Where AC%) - 2 universal 
function, It was found that it is possible to consider the 
various characteristics of turbulence from ites spectral 
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The Structure of Turbulence in the Atmosphere 


properties, Thus the spectral horizental separation can be 
determined from the formula (36), where p ~ horizontal 
vector of waving, A,(@; 2, t), An(P; z,.t) - sapectral 
measurements as defined by the expressions (47) . The 
formula (38) can be derived from Eqs.(36) and (37) where 

Bs Cp, z) is waving density, ‘The spectral functions 

Bam (Py z) are continuous on Pp , 4& shown in the relation 
£33? for the horizontal vector 37 -« The formulae (40) and 
42) are derived for r a (ry, @, 0) . The spectrum of the 
(ascasy feotropic turbulence can be found from the formulae 
(43~45) and (48) where the structural functions D, (r} and 
Dap (tr) are expressed in terms of spectral density E(p)} and 


G(p) fin the formulae (46) and $42). The valuee of spectral 
densities can be found from Eq.(49), It can be added that 
the formule (50) which ts derived from the 8qs.(48) and (49) 
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vepresents a detailed form of the expression (42). Tne 
Spectral separation of time can be derived from the formulae 
ee and (55). The #4.(56) igs the detailed forn of the Eq. 
55). Notations are: aA, X} and antA, X} + apectral 


measurements, o,, - time spectral tensor, dpp(RO} - 
spectral density of the tezperature field, Gyn ~ Spectral 
dénsity of U; and T . The Spectral analysis can be per- 


formed experimentally by means of a Cevice (e.g, thermoane- 
mometer) which could express the mcteorclegical data as the 
fluctuations of the electric current. The freauency Ak 
could be obtained and thus the expressions (59) and (60) 
evaluated. The gpectrel functious could be calculated from 
Eqs.(62), Some results of the latter formulae for the low, 
medium and high winds are shown in the table on p 3LL, where 


w ~ energy cf vertical fluctuation, q - heat flow, 

t - friction. The method of Spectral analysis can be em- 
ployed for the determination of the dispersion. the 2nd 
momént (i.e. spectral function) and the various other 
characteristics such ae anisotropy of Spectral components 
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or the vertical turbulent flow of the energy q Lee. the 
calculation of the 3rd moment ef 
velocity (Eq.63). The problex of structure of the atuos~ 
pheric turbulence cannot be Solved without con 
factors such ag pressure. turbulent acceleration and diffu- 
Sion or the waving fluctuations, The structure o 
ure field can be expressed by the fornula (64). while the 

turbulent acceleration Can be found from the fornule (65). 

The turbulent diffusion can be expressed as the coefficient 


cw hi/3 per cu) or frow the formula (66) (Refs.56, 59), where 
the intensity G of concentration is taken into account, 
This concentration can be defined as the function (67) (Ref. 
60). Changes in the atmosphere due to turbulence, cauge 
fluctuations of the amplitude of the acousti- cr eclectre- 
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magnetic waves. The propagation of waves in these circuses 
con be calculated from the expressions (68) or (69) and (70). 
The last formula aliows the finding of the statistical 
characteristics o(r)} when the characteristics u(r) are 
known, Then the function of the refraction coefficient can 
be found from Eqs.(71} and (72). The correlation between the 
refraction coefficient and the fluctuation of temperature or 
humidity can be calculated similarly (Ref.83}. There are 3 
figures, 1 table and 835 references, of which 45 are Soviet, 


SUBMITTED: March 28, 1955. 
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AUTHOR: Monin, A; S, 


TITLES” The Change of Pressure in a Baroclinic Atmosphere (Izmeneniya 
davleniya v baroklinnoy atnosfere } 


PERIODICAL: Izvestiya Akademii Nauk SSSR, Seriya Geoflzicheskaya, 
1058, Nr 4 pp 497-514 (US3R) 


ASSTRACT: Blectronic Computers have made it possible to integrate 
the hydrodynamic and thermodynamic equations numerically to 
obtain values for the pressure, temperature and wind, Attenpts 
have been made in any countries to Simplify the dynamical 
equations of the atmosphere by the quasigeostrophic approxi- 
mation, This uses the fact that the pressure Gradient and 


the geostrophic., Tie author reviews the main progress in the 
theory of pressure Changes. I. A. Kibel' put forward the 
idea of a quasi~geostrophic approximation in 1940, In 1949, 
A. ii. Obuxhov gave « much fuller account connecting the 
bregeure field and the wind field. Obukhov showed, in the 
sinplest case of a barotropic atmoaphere, that, at the break- 
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“ne Chance of Preagsure in a Baroclinic Atmosphere, 


down of geostrophic conditions, high-velocity waves are gen~ 
erated, As a result, the pressure field adapts itaelf to 
the velocity field. The transfer of velocity vortices seens 
to be a basic factor in the change of velocity and presgure 
with tine. fhe basic results for the Geostrophic approxima- 
tion in a baroclinic atmosphere were obtained in the USSR 
by Obukhov and also, independently, by K. I. Buleyev and 
G. I, Marchuk, They were also derived in other countries, 
The author now gives the baroclinic work in detail, start- 
ing with the dynanical equations of the atmosphere in the 
quasistatic approximation. There are many problems (slow 
Synoptic processes, high frequency perturbation processes, 
te in which vertical motion of the air particles can be 
tepresented by static equations. In the quasi-atatic approx- 
imation the vertical velocity of the disturbance i infinite, F 
In this systen a change of coordinates ig possible - q 
non-ctationary set given by the x- and y-planes and the iso- 
baric p-plane. p is now the independent variable and the 
new function in the dynamical vquations is the height of 
the isobaric surface, f.e., 4 = u(x, y, P, t) . The au- 
thor gives the equations in this cystenx, They include an 
Cara ayy mportant coefficient, ac , the baroclinic peranster, witich 
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ig considered constant in subsequent work (in the troposphere 
a- changes slowly and is approximately equal to O.1}). The 
Coriolia coefficient is taken to be constant. Five equat— 
ions are derived: (1) projected motion on the x and y 
coordinate axes, (2) the equation of continuity (the simple 
form obtained is one of the advantages of the non-stationary 
coordinate systen), (%) heat flow equation, (4) the hydro- 
static equation. and (5) the Chapeyron equation. There is a 
sinple transition in the liniting case fron the baroclinic 
to the barotropie atmospheres. This occure when a«O and 
the density and the pressure are related adiabatically, The 
Ereatest use af the non-stationary coordinate system is the 
reduction from six equations {n u.v, W, p,pand T to four 
in u,v, w"(= dp/dt). and z Also, w® ‘can be easily 
eliminated by integrating the continuity equation with the 
boundary conditions, WO as p-PO and w—pO as 
z~-O . Substitution is made in the resultant expression 
rot for z=Q | but for « nearby isobaric surface Pep 

at height z@ .° fhe fact that it is impossible to use th& 
boundary conditicn z= 0 (at the Earth's surface) is the 

tie jor dravback of the stationary method, The boundary 
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exgression thue obtained, together with the dynamic (with 
‘w" @liminated) are the basic equations for a baroclinic 
atmosphere, The author next introduces dimensionless quan 
tities which re dependent on a characteristic horizontal 
length and velocity, In high-frequency perturbation process-— 
ea, the length used is that introduced by A. M. Obukhov and 
the velocity is that of sound. In synoptic processes, the 
length ~1l0’km and the velocity ~l0n/sec, The author in- 
troduces two ratios expressed in terms of these quantitios - 
& and B -c€ represents the ratio of the characteristic 
relative vortex motion and the transfer motion and B rep- 
resents the influence of the two-dimensional compressibility 
of the mediun (1.e., the deformability {n the horizontal 
plane}, In synaptic processes, ewlO-l and g<1 ; for 
high-frequency perturbations, e€ = BP «1, The equations 
for a baroclinic atmosphere in a dimensionless form are next 
used to obtain expressions for the vertical component of the 
relative turbulent velocities and for the horizontal diver- 
gence of the velocity. An expression {s then derived for 
the change of @2/ap with tine, This is referred to ag tne 
change of pressure equation, High velocity perturbations 
generated in the atmosphere are due to differences b. tween 
Gard 4/ilthe velocity and pressure fields, The equations in this 
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case will have es Bel . It ig assumed that the waves 
are af small amplitude so that non-linear terns can be ig- 
nored and the total differential can be replaced by the 
parttol differential. An integral exsression for §/%t 
te then derived, At this point, stream and potential funct- 
tons, @ and ¢ sre introduced, equations in terns of 
¢ , @ and z (all as functions of x , y and p ) 
are obtained, The equations are not altered by adding 
«ni arbitrary function of p . hence they are so chosen 
that z(x,y. p, &}) represents deviation of height of Lgo- 
varic surface from standard corresponding to hydrostatic 
eguilibriua. Tne equationg have a fanily of stationary 
solutions for each of which @=2OQO and $622 :- equival- 
ent to a theoren by deffreys that in the ffeld of a geo- 
atrophic wind the pressure docs not change. It is sufficient, 
ior stationary solutions to fulfil the condition ozO , 
The auther shows that this condition together with Gaz 
need only be fulfilled at one fixed moment of time, There 
tye @luo non-stationary aoluscione for whick the potential 
Lurtulence is identically equal to zero - this is called, 
Seri S/LL ‘ 


ll toe Re SHE Me CITE A AE PAW deP ees) tite earn? ANE Sa 


APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R001135110018-0" 


"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R001135110018-0 


SUOP TH UE es ae SU SESS EMS sein tatie tiie ees ir it ithe * 
ers. : OR Sige sees re ppt EES, Palen . | 


pee eH iP HEHa FAG RIN bee ERTS TP SEH tf 
a ee i aes Br aot) ie ane 


49-58-4-9/18 
@ Change of Pressure in a Baroclinic Atmosphere, 


after Obukhov, the wave solution. The sclutiong of the equa- 
“ione for arbitrary {nitial values can te written as a sun 
of stationary soluticns. ‘The conditions under which high 
velocity perturbations will not be generated are expressed 
by the formula for the geostrorphic wind. On the other hand, 
deviations of the wind from the Geostrophic must generate 
these perturbations. If at the initial noment of time, the 
wind, in a linited region of space, deviates from the geo- 
atrophic, then the resultant perturbations will die away 
with time. so that the initial energy i3 dispersed throughout 
all the volume, This provides a mechan:sm for the pressure 
vo adgust itself to the wind. Obukhav gave the solution for 
i barotro:ie atmosrhere while I. A, Eibcl’ considered the case 
of a baroclinic atmosphere. The latter ignored, however, the 
waves which arose most rapidly. The author describes the 
limiting stationary state which the atmosphere approaches 
under the given {initial conditions, This is characterized 
by a stream function 6 which is defined in terms of vt - 
an integral function of J and p . This integral {ts then 
transformed by the introduction of a source function in the 
sane variables, Next, the high velocity waves are described 
Cord 6/1yin terus of a perturbed velocity potential, A function g - 
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similar ts § (and a function of BP ané the perturbed 
velocity potential) - fa defined and ther transformed into 
an integral of the same source function. The expression in 
this case describes two types of waves ~ the first arises in 
a barotronsic atmosphere during the breakdown of the geostroph- 
ic balances, whilst the second corresponds to a slower wave 
which does not occur in a barotropic atmosphere, The author 
then takes the limiting case. a—}O . in the fornula for 
the barotropic atmosphere, & and § go in the limit to 
the stream and velocity potentials, and the source function 
becomes a cylindrical function, The equation for the waves 
tacomes in the Limit the usual wave equation together with 

a factor sepresenting the effect of &yroscopic rigidity. 

(Tne simplifications made by I. A. Kibel/ wore such that, when 
a->O, the corresponding functiong tended to serc rather than 
their values in a barotropic atmosphere}, During the adjust- 
ment of pressure to wind, the velocity changes relatively 
little wh:lat the preag distribution changes quickly, approach- 
ing thet connected with the gcostrophic wind. With civen 

Values of the parameters it £6 calculated that the kinetic 
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energy in the process of adjustment decreases by 32% due to 
wave formation and creation of non-unifcrm pressure. It 
hus been shown that in the linear approximation the atnos— 
pheric motion, corresponding to fixed initial conditions, 
consists of two components ete acd wave motion), In 
, the real atmosphere, inertia (correszonding to non-linear 
terms) constantly causes a deviation of the wind from the 
seostrophic, leading to a Seneration of waves and, hence, 
energy dissipation, a ae corresponding <o the Stationary 
solutions of the linearized equations are the quasi-station- 
ary solutions of the non-linear equations which describe 
She slow change of the corresponding velucity and pressure 
fields. Gnly such slow Processes ere of interest for 
synoptic meteorology. In order to Separate the quasi- 
stationary solution of the non~linear equations, use fie 
nade of the fact that the velocity field of thig &clution 
mugt be close to the geostrophic wind field and. in partic- 
ular, the potential component of the velccity field must be 
smali in conparfison with the solenoidal component, This fig 
defined nore precisely using the dimensicnless equations L 
and UW which characterize Synontic procecses., ‘he velocity 
Sard @/1,2 functions are of the order of unity. This gives snall dimen~ 
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The Change of Pressure itn a Baroclinic Atmosphere, 


sionlees deviatioas of the wind fron the geastrophic and 
provides a criterion for the separation cf the quasti- 
atationary solution from other solutions, The quasi- 
atationary solution Cu, v, z)} can be found in terms of an 
asymptotic series in e€ . the chief memters of which are 
connected by the relationships of the Gecstrophic wind, 
Such series are called the quasi-geostrophic resolution, 
Frou this, the wind fleld cay be calculated from the pressure 
field with an accuracy ofwe The author obtains an 
equation for @® in terme of 2 and € , which he calls 
the balance cquation, The deterr ination of the wind field 
from the pressure field. with the help of the balance equa— 
ticn, La considerably more accurate than from the fornula 
for the geostrophic wind. If we assume ¢€ = QO , the system 
af dynamical equations for the atmosphere Simplify. This is 
called the quasi-geostrophic approximation. Equations are 
obtained for 3zo/tt in the case of a barotropic atmosphere 
(x = 0) when the partial differentials of z with respect 
vo x. y and t are independent, The equation ia linear 
auuhomogeneous of an elliptic type. In the case of a baro~ 
clinic atmosphere the equation for 4zc/gu shows that the 
Corl DALL 
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rate of change of @zo/dt with pressure depends on the tur- 
buteut eddy transfer aud also the temperature transfer, This 
{fu expressed in two equations containing the source function, 
Thie consists of two factors, one, the solution of an inhomo- 
geneous equation with homogeneous boundary conditions and the 
Second a solution of a homogeneous equation with inhomogen- 
eouc toundary conditions. To obtain further accuracy an 
anelyeis is made of the divergences in the calculations; 
(1) An insufficiency and inaccuracy of data on the pressure, 
temperature and wind fields, which necessitates interpolat- 
ion between data from neighbouring meteorological stationg 
anc correcting of dubious data. For this end, a method of 
*cojective analysis‘ has been worked out. In this the nece- 
asary data at each fixed point are determined by a etatisti- 
cal method from the data supplied from surrounding atations 
and mown from previous periods of time. 
(2) Errors connected with the mathematics, e.g., exchange of 
integralea by finite sums and of differential Operators by 
d£ffarences, 
(3) The physical limitations of the theoretical work. Theae 
include increases of accuracy due td introducing: a correct- 
Coe rosy4on to. the quasi-geostrophic approxination (e.g. more numbers 
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Tue Change of Pressure in a Baroclinic Atmosphere. 
in the series), a change of the baroclinic paraneter, ae 
with apace and ‘ime, and a considcration of non-adiabatic 
factora - turbulent friction. thermal conductivity and 
vedfLational energy sources (including the screening action 
of cloude. the consequences of phase changes in the water 
pe i ; ars F be f)} 
Yikure and to°soefaeenacenhilae Bape A pgltet).there te 1 
ASSOCIATION. Akademiya nauk SSSR, stitut Fiziki Atmosfery 
(Acadexny of Sciences USSR, Institute of Physics of the 
Atmosphere), 
SUSULTTRD: April 26, 1957. 
le Atwoaphere—Pressure 2. Atmosphere-~Mathomatical analyaia 
de Mathematical computera—Performance . Ataosphere— 
Mateorological factors 
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“AUTHORS :Kazanskiy, A, B, and Monin, A. 8. 

TITLE: Turbulence in the Surface Layers of the Atmosphere and in 
ove Presence of Unstable Stratification (O turdilentaom 
seniime v pricemnon sloye vozéukha pri ncustoychivoy strati- 
fikatsii)} 

PERIODICAL: Izvectiya Akademii Nauk SSSR, Seriya Gcoficicheskaya, 
1953, Ne 6, pp 741-751 (USSR) 

ABSTRACT: It ig inportant in -any practical cases to determine 

' the basic properties ef turbulence from changes in gradients 
(ecg. af air temcerature). A. M. Obukhov and A. &, Monin 
have put forvart a suitable representation (Refs.1-5) based 
on ainilerity theory, In their theory a stationary turbulent 
regine is represented by the following parcucters: vy ~ the 
frictional velocity; q - the turbulent heat flow (or q/c 
waere ©O, and 6 are the specific heat end air density, 
which can be considercé standard) and g/T, , where g ic 
the acceleration due to gravity and T% ic the averase air 
temperature in the curface layers, From these parancters, 


a scale Length, velocity and temperature can be defined: 
Card L/ vr: 
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where « is tas Karman constan$; a = K,,./K is @ univeruaz. 
dimensionless constant; Ky, is the turbulent heat sontucti- 


wity cocfficient and K ic tho turbulent viscosity cocffi- 
Gicnt, For wind velocity v and air temperature T asc 
functions of height z and thermal stratification of the 
atmigpuere, Eue.(Z) and (>) result, Where z, is the 
roughness height, 2(E) is @ wifivercal funstion with an 
undefined constant teru {since it only enters as a differ 
ence), Eqs.(2) a:4 (5) give Eq.(4) for the Richardson nun- 
ber, For guall viiues of the argument, f(&) hes the for: 


#q.(5). The existence of a universal function £(€) wos con— 
€ _ 


firmed by experimental data (Ref.4).(A value 6 = was 
obtained), The form'of f£(€) in cases of stable stratifica- 
tion was studied in (Ref.6), This article studies the forn 
of | L(€) Jn unstable stratifications 


(q>O and, hence, LO and Ee 2/L <0) 
1, Free Convection, From Refc.1l-5, it foliows that consid- 
aration of the asyuptotic form of the wind velocity profile 


at great heights in an unstable ctratificatiian (Le. deter- 
mination o he aaymptotic forn of ££ for lar e nercative 
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values of ) £8 equivalent to consideration whtn fixed 


2 and q>0, yo . Thus in an unstable atrati fication, 
the turbulent regine at great heights approxinat 


t es to the 
of purely therus] turbulence without Wind (f.¢. free esny.-c~ 
tion}, For free convection, bo O and the turbulence 


characterioed by the paransters g/t, » Gc? (turbulerc. 
Ob€cins ener only from the thermal stretification inetab- 
Card 3/igility energy), r+ is inpossible to form a eca 


hébe ALANS wero so - uNU TTS él ee “is Cuaracterined be ade 


; AGE ; vp SA 
binutionse of Yep : pfe, ana so. In parfiouler 
> ; 


Eq.(6) is obtcin 


naa for T(z): where ¢ is 2 univorsel 
dimensionless con 


sa¢ 


stant €>0); TT. is a constant with 
i 
Ginensisns of teuperature and the factor oars on is 
cue 1/3 


a 
Ps 
o 
a 


introduced for conventence in future calculation E4.(6) 
can be rewritten in the form shown: 


T(z)-T(z) fz \-1/3 fz, \-1/5 
a awe j ss, aa 


Which, on conparison with Eq.{3), gives tke asynptotic for. 
Eq. (7) for fe) as “>—00 . E¢.(6) shows that, 2s 


the height increases, the tenperature distribution &pproaci.es 
the isotheraal, This is natural since, for an unsteble 


ve vuw 
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Turbulenes in tic Surface Layers of the Ataggphere and in the 
Presence of Unstable Stratification. 


ratification, the turbulent elements reach a great size 

at Large heights, producing mixing which L:vels out the ten- 
pernture profile. Differen tiating Eq.(6) with respect to z 
ives Eq.t8), which gives Eq.($) for the turbulent heat flow, 
q , in free convection. It follows from Ea. (6), thet, in 
such conditions, the turbulence coefficient “CEqed Q) grows 
rapidly with height, due to the increase in the turbulent 
.lements and the ingpgass in the intensity of Che pulsations 
(proportional to The turbulence scale length, L i 
ig diétinuguished from a only by a numerical factor, which 
is denoted by nAX,, . Putting Le HAgg Z and assuming 


that in free convection Laz , we have AL >L . The 


scheme outlined above corresponds to that suggested by 
A. A. Skvortsov (Ref.7), except that he uses a discrete 
spectrua of turbulent scale lengths, «whereas the authors use 
@ continuous spectcun. To determine the turbulent heat flev 
q and the exchange coefficient K in free convection, it 
is sufficient to measure the difference in temperature cat 
two heights. Suppose these are 2 «= 2H and z = H/e 
A-2m }. = T(cH) - TCH/2 . Then froa 
Card 57 eenere H~1-2 ; Put AT « T(2H) ECH/2) . 1en 
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Turbulence in the Surface layere of the Atmosphere and in the 
Presence of Unstable Stratification, 


Eq.(5) an expression for AT is obtained which cives Eq.(11) 
for q . Thus q is differentiated fron 


ra (* only by a constant, universal (but not dimensica-. 
less) factor. Substituting in Eq.€10) z2«H and the value 
eof q fron Eq.(12), Eq.(12) io obtained, Hence KCH) is 


distinguished froa HY [At (x only by a constant universal 


factor, Takicg « = 0.43; a@ = 0.8; c¢c =12 fron the exper 
mentel data given below, und putting ty = 300°C ( AT in aL, 


in metres) Eqe.(13) are obtained. 

The goneral case of. an unsteble stratification In ceon- 
Strcine the for 7 of rit in this cage, it is convenicnt 
to consider the function FCRi) - Eq.€14) ~ introduced by 
Priestley (Ref.9} ant conctructed on the basis of acesurenents 
mide by Swinbank (Ref.10}, There results were confirmed be 
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Turtulerice in. ths Surface Layers of the Atuosrners ani in the 
Preseace uf Unstable Stratification, 


taglor (Ref.12) and@ Priestley (Ref.12). Using £q6.(1) and 
Cay, ee and f(—) «re found to be connected by £q.(15). 
Yormula (4) and (5) indicate that, for snall [&[ | fel 
m1/E ond RiwF/a . If the asyaptotic forsula (7) fdr 
r(E) at large (Ef , Eqg.(16) is obtained for F(Ri) at snall 


ang large [Rs . The first of these asymstotic forculae 
corresponds to a logarithmic law for the wind velocity and 
temperature profiles (i.e. acts at e fixed L&O for encll 
heights z). If function F(RL) fe plotted on « graph with 
le Rt} ag the abscissa and Le r(Riy as the ordinate, the 
asymptotes of F(Ri) in terms of Ec.(16) will te two inter- 
secting straight lines: -for svall (Rif with slope -1/2 = ane 
for large [Ri{ parallel to the axis with an ordinate Fu. 


R(Ri) nust decrecse monotonically as Rif increaces since 
PCRL)O FF. . The asyuptctes of F(RL) intersect at a point 


given by Eq.(17), Eupirical deta indicate that fRif[ is 
of the order of several hundrecths; but the empirical crawls 
er o/eerren by Obukhov-Monin indicates that f(€) at ¢.5. 
Ve a “so 
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Turdulence in the Surface Layers of the Atucsphere and in she 
Presence of Unstable Stratification, 
(RikGs is practically given by a logarithmic law. Hence 
for [RLC( Re . FCRi) practically coincides with its 
eaymptote F(Ri) = x“a(Rifz . If (ref >p hel , it fellows 
further, that F(Ri) = Fig? ~~ Late practically coincides witk 


the second asynptote. Hence. the transitional zone betwee, 
e two repions must be negligible, : 


»(<O) is the root of aT = oft » it can be said that. 
cite 


for unstable stratification with zcly , the profiles of 


wind velocity end temzereture ere described by a logarithuic 
law and with 2h y the mixing mechanism is almost the 
Sane as in free convection, Neglecting any transitional 
region between the two limiting conditions and chenging fro4 
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FOL, te r(E) (considered continuous), the interpolation 


iwistige (Bg.18) are put forward, Fig.l gives an cipirtcal 
wagh of PCRL) accordine to Taylor (Ref 31). Tne dean 
square deviation (indicated by the lines) is quite large. 
(rrieatley stated the pulsational nethoé of neasurince the 
turudlent heat Clow was insuffictently sensitive at hich 
frequencies). Nevertheless, the points define the a aa 


fa. Ge eccurately, The puraneters on the graph are | i}, and 
Fyn, from which, “knowing « » the constants a and c can be 


caleulated from Eqs.(16) and (17). Priestley tees obtained 
Vue Value 0.68 for Fy (which ke considered too low » whilst 


Taylor obtained 0.79 + 0.04. In (Ref.12), Priestley estimat- 


ed a value 0.8 - 1.0. Tho value of [Bs{ lies in the 
interval 0.025-0.04, The authors find a value for a of 
0,62 (the accuracy beins small, however) and they use value-., 
cel, a «= 0.8, i =O.45, which csivec results in Eq.(18) 
agreeing with the eapirical grash for £(€) of Obwhov and 
Monin, Calculation of the Straisat lines in the saethod out- 
lined above was carricd out by several authors belore 
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Turbulenccad in the Surface Layers of the Atuocphere and in the 
Presence af Unstable Stratification, 
Priestley. Thus Pasquill (Bef.13) published. graphs of the 
function (19), where FE is the evaparatic: rate, % the 
absolute tau midity and ay the ratio of the exchance and 
notion coefficients, Pasquill's ::casurements were rencate 
by Rider (Ref.14), who also drew graphs of the func jou (<0). 


Values for the turbulent frictfLonal strees, 7 = ex ‘ 
‘rare determined by Rider. ugins a direct, adynanonetri 
neths’?, first susgeeted by She ppard inally, Deacon (Ref. 


1S) drew graphs of the function (2 1), where \ is deter- 
& % 


dined by a pulsatioal aethod, (The functicns 
F, (Ri) - F, Ri) are connected with Priestley's function as 


ghown). Al thowst all this experitentul material could be 
sollated it is in such poor areca that further experi- 
gental data is required, Functions ¥ (Ri) and F, CRE) are 


particularly suitebls for determing a - Ps (0) « ee ; 
F,(0) - =“ . The value « = 0.4 seers to be in goed agreenent 
Sard 10/25, 6357 
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Turbulence in the Surface Layers of the Atmosphere and in ¢h 

rresence of Unstable Stratification, 
.th Che experimental data. 

on interpretation of ;radient neasurenents, To deternine 

I, Vg and q , @ ntthod sinilar to thet in Ref.6, for stable 
stratification, is used, Suppose v(H) and AT = T(2B) - 
-TCH/2} have been measured and Za is known. (fhe latter 


it} Dormaelly obtained by extrapolation to zero of the velocity 
of the wind velocity profile). The Richardson nunber (Eq.22) 
ia first calculated fron the gradient neasurements, Putting 
L, = W/o and using wgs.(1)-(5), Es.(22) can be written in 
the form Eq.(23), Substitutins Ea.(18) in this equation, 

EL, can be determined fron BP and” g.#) Eteee Gives. 
nomogran for detercining L, from @ and Co 7 aS derives 


from Eqe.(23) and (18). For large nesative values of I 
Rv Ant ; for saell negative values 
1 (nO, )° 
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zs $ os 
a, ate ote Ly ‘ In de cminins tho 
c(h - Cg — Way 


frictional velocity v¢ , Eq.(24) (derived from E1.2) can 
boa used, and 2 nonogren for tg/¥ cin be derived fron b 
and C 5 (8) using £q.(18) (Fig.3). For large negative values 


ny 
of L —t ne andi for sn2ll ncszative values 
¥ Ta if m 


‘. id - 
‘ 1° 


is obtained for the turbulent heat flow, Fisg.4 gives the 
Card LAAGAs— 
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Turbulence in the Surfece Layers 
Presence a? Unstuble Strat éfic« 264 


aorogran for gqfavaT . For heights 
.t the dynamical turbulence logor, 

oC determinins q and K if the conds 3 a 
Salus of Be 6) arc given in a teble,. Suinbark' re ts 
confira E7.(13) and the nuserical cocffhefent (O,14) a erein 
used, Fig. cives a nomograms for calcula: nc Ey.€13) (the 

hecisga is (AT[ tn degrees and the ord! nates, q in 
snl/eue Jain and K n¢/sec), The continuous Line represents 
Geacuredents of gat Hal and 2m, and the dotted line 
reporeents E(H) at these heights. 


&, Scale of turbulense . As shawa above Ea KA ao, 
According to eimilarity A in the case considered ; 
L=ur03/L)2 (where A(Q) = and A{-0) =kw) . To 


determine ACE) and in particular A. , Eq.(27) Cused in 


Refe.l, 2 and 6) is exployea, Pe Leting Ry using yg. (i). 
(3) and substitutine {= WACE)Z , gives Eq.(25).° Por ac. l 


negative velucs of E » it is found fron Eg.(5) «ith @ « 0,7 
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that: 


fags nh + of 


For large negative values of € , &t is found froa Eas.(7) 


OR Ey 


Thus Ag “ee « If ¢ S close to tnity kh, is close 


to fe and, hence, in free convection, L is asyuptoticai.iy 
equal to z, ~ Substituting in Eq.(28) : 
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: - e% €<f,) 


where EF. is dcternined from the fact that £t(€) must 
be continuous), Fig.6 is obtained for the function 
Lfa = KACE) . This represents the growth of turbulent 


elements with height for unstable stratific pacts 
There are 6 figures, 1 table and L5 references, 8 of which 
are Soviet ane 7? English, 


CS, esse - eg (h bineagehsrce | ie a 
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TITLE: ‘the Bre-caloulation f Zonal Circulution Characteristics of the 
ay weplhele y predvychislenii thorakteristix zonal'noy 
tsirkulyatsii atnosfery ) 


PERIODICAL: Investiya Akademii Rauk g@ssxk, seriya geoltizicheskaya, 
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ABSTRACT: The evelutiona of atiaospheric processes devends on the 
energy sources and currentS rather tran on sae initial con- 
ditions, If the scale is large enough, however, these 
energy sources can be ignored. Altaough the inaccuracy in 
the initial data lecds to errors increasing with tine, these 
$neccuracies usually concetn small-scale processes, Hence, 
Long-rense forecasts ust be bused mainly oa the Large-scale 
processes, altiouch the Giall-scale procesues cust still be 
considered as fluctuatiwns on the nain process, It is 
possible, in principle, to obtain equatioas fron the dynanic 
eyuativns Lor the sncroconzonents (analogous to Reynold's 
equatians in turbulence theory) together with subsidiary 
equations ror the Vicrocoupsnents (analogous to tue Frieaaan- 
Keller equations in turbulence tneory). Tais a,;roach is 
a@ppliocd ta the pre iictiva of sonal eigoulasion Characteris- 

Card 1/aeics- Pris requires sinultaneous exanuination of the zonal 
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The Wre-ealewdiation cf 13021 Circulation Charieteristies of thie Atitis- 
phere 


streaming charactiriccics (Ref.1) ane the 
sharacterisbies of azonal disturbances (Ref. 4 
writes the Cynaaniasl eyustions in the livalised foras oj, 
(1), and (5) Cone sy-ibols have taeir nocnaal significance 
—~ iu, cing: the valocity components alons latitude aad 
Peatieie) Ghe zonal circulation provides the macro- 
components cf the ve ,osvheric processes, Tien tut azonal 
(varvine with longitude) .roeisses form the SPER SS HONEA UES ® 
The nacroce.) ponent Bee ae oa can be dotalned by avera 
ing over a circle of latitude (denoted by a bar). The micro 
conponents (denoted by a dash) are cons fdeved as eccidental 
Fluctuations Using these definitions in the dynanic equat- 
ions gives (1) «and “(BY as the macrocoaponent equations and 
(it), (2') and (3') as the wicrocomponent equations, Tae 
circulation index i(= u/R sin @ is now introduced. For 
ease of calculation, Egs.(1')-(€3') are used only for éeter- 
mining the statistical characteristics of the aicrecomponents 


Card 2/& 
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